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^m^^xnh^h mm.X' it 2 3 tzm<^mm,o 
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[S*«2 71 ft*a2 3~^^a2 5 0V»-rtL3&»tCfemoilfl&S.l>VZ{iiS 

[0 0 0 11 

[0 0 0 21 
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^m^tifzmm-^. mm^^i^i^-t^z.tizxy)ssmM. -m. ^^m. 
zff)Xo^j:m^(7)tzt(>i,zti. E5mmi>^h^itLfzEmmmt:mmBi< . mmz 
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^^^m, 7n— 9-^b^b'J-Sag:£ (^iiai^ SIJ«) .^Stfc. P60-66 
(1999)/Yamashita J, Itoh H, Hirashima M. Ogawa M, Nishikawa S, Yurugi T 
, Naito M, Nakao K, Nishikawa S. Flkl-positive cells derived from embryo 
nic stem cells serve as vascular progenitors. Nature 408(6808): p92-6 (2 
000)) o 

[0 0 0 3] 

#^$tL-CV^^ (Andressen C. Stocker E. Klinz FJ, Lenka N, Hescheler J. 
Fleischmann B, Arnhold S, Addicks K. Nest in-specific green fluorescent p 
rote in expression in embryonic stem cell-derived neural precursor cells 
used for transplantation. Stem Cells 19(5):419-24 (2001)) o ^<o:}^W:ii. 

^mm.m^^ ti^m $ -ii-r ^ (DBM =^ ffl T i msim.<7)^ * ^su i- ^ $>i> 
\'>im^6^^j:i^^<7)mm^X'^i-&^^i:mmm^mi.z§&m^^^ ^ t nj; 
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1 o 1 of^l^L. ^itLfzUmmt^<r> 1 o 1 oHov^-C^gE=S: L^j:lfiH£^j:h-f 

[0 0 0 5] 

[0 0 0 6] 

mm ^ m^-r htztb o^m 

'li'tfi^st^Jiy n -t - ^. - , u 3 > tf-^ - -b'Ease^'J * MS {c^oitfsT-. 

v-*-ilf5T-<7))iit:-5'-|ilcS£fiL7t^l oa^x.DNA, 3i£?>l;M#^eU7' 
n^-^'-, ^) zi>}£i—{fmi:^<DmX5'mKnmLfzm2(Om.t^LDNA<D 

2 D N A ^ESmtcSA L. ESiBfl&;5-'b^3'fl: Lfc @ e^UBfl^Sr^^ii- 
^itliratTto =&^*)C102owa}fexDNA7&SziX$tt/v:ESfflfla^Bfi<J 

o u 3 > tr-^- - -tf on^KT' iimi <r>m.^x.D n A <d v n > e - -t*fgm@E^j-eH 

[0 0 0 7] 
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[0 0 0 81 

±fSI|0^{;i3V^-r. ^ 1 <73&J^iDN A3H±^ 2 «oai^x.DN AOEttl^ilSa 
[0 0 0 9] 
[0 0 10] 
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tfz. mi<^^^^^'^Af)^m.^iktfitzmi(r>mT:i-mxm^^ ^'-t. m 
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[0 0 141 
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10 0 151 

[0 0 161 

ES^JfeoTOv^O^^|lfi^J'5::^S{±^ Brigid Hoganflfel^. Uj^— lfi'^tfci^^ Tv-^ 
>^ffiE<7)^f^-7::^iT;H . iSftttDIS (1997) , V^fi^BiRm-^, rv^>- 

iT;w->V-X8, i^±t± (1995) ^irirfB^^ttrv^-So 
[0 0 171 

:$:f&0>gnfflv^-&^l<7)|amx.DNAt{±. ^l<7)v°n^-^-, 'jr^^tff-- 
■fe-^,lt@SyiJ^M^t;^t-^itf5T-> K14^«75-'b55-fk-t^ ge<)lffl)!&<7)SK•7- 
* - jt<E^ i: 35^5' ^Mi;@e® ^i\.tzii<D ^mi=f-'m.^k.WM Ltzi, 

=Srv>i^^r»2 0yn*-^^-J: •)Stt7&^<x m^-7-iJ-i&iTi=^^^^^^ 
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^ESTO?r?J!J*!> t-t^iitA. i^<Dmmi'mX Lfz^'k. E fit)<7)itfST-?rS'tMi; 
^ < urn ^ -^ir-i) <7) ^ t ^ ^ o 

10 0 18] 

U 3 > e-^— lf^mee?iJ<i^ #^W^:DNAa^x.#S-e*S';=i>l:f:f— -tr- 
ie i o «9 > -e*^ 'J =1 > If tfn i y) -oo >; ^ > e-^ 

ffe-f-^-'N'^T-'; 5j--7T-vPlfi5|5cO'j — -tfCre (Sternberg et al. J. Mo 

1. Boil. Vol. 150, 467-486 (1981))^ FRT^Sgft-r-S^-SCSaccharomyces cere 
visiae)ft*<0'; =1 >'tri — HfFLP(Babineau et al.. J. Biol. Chem. Vol.260, 
12313-12319 (1985)), ^ ^'-y- y n v ^ -t X • copSRl-/^ X 5 KS^OR 

(Matsuzaki et al., Mol. Cell. Biol. Vol.8, 955-962 (1988) -5 jtfS 

[0 0 1 9J 

cotg^t LTfflv*^ "feO-e^ EGFP (Enhanced Green Fluorescent Protein) -^GF 
P (Green Fluorescent Protein) ^j: t'(D^^m&Mi^^'<?m.^ <^mMmi±Mi^=f- 

[0 0 2 01 

n L T#Me<J tcfimi- ^^20^0 ^-^'-^ Un^e-^ - -If |&MiS^>5^5' 

□ ^ _ t {±, :9->ft-t-S g fi«»^lj&-e^*!ifmfl«;HI&mi-'5it1S^«0-/n.t- ^ 
-'gUt'T)^ i:t?^^o 'e-<^iRli: L-C{±. '6^K*fflfla<^Nkx2. 5, MEF-2, GATA-4, 
^S2T^"?^>> -C^^SSa ^^v^fiSI (« -cardiac myosin heavy chain: J-^T 
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, aMHCtv^^) 5 :t>'>^fI2v (myosin light chain-2v: MLC2v)gS, 

llS<^^*^^Ba<0:^X^>nestin, flg<7)^'J T^fla<Oglial fibrillary acidic pr 
otein (GFAP) . J: •) ^^-fb^rffP^flS*^ a^ih-Zn-r^f^a -fetroprotein (AFP 

teocalcin^ WMpM^<^B • ^t'-Ky Xit^^lpancreatic and d 

uodenal homeobox gene 1 ( PDX-1). JfiLlr (F*3J^fl&) Oflt-1, ^&^'7^> 
mM<r>^^^yUk&ratinl4 (K14)^ #^&jg5^Jia«0^K^' l^T^ > + ^muscle 
creatine kinase^ t'Oitf£i=-<7):/n^- ^ -7&f^tfibtL-5>„ CtLibOT'a^- 

[0 0 2 1 ] 

ESIffl)l&'^<0^1<oaJ^x.DNAab'5v>{±^2 0,mmx.DNAcoSAlC{±. -^tL 

i^o :^'bU^ffl=5?:^^fc LT. ^l<7)amx.DNA*^<'W±l^2oa^x.DN 

W ICES^m tca^x. D-i^K^mX-t^^hii^X-hho mii^^Xm ^ ^ ^ - CO 

[0 0 2 21 

Ma«l'3:faj«-«v>Tiai «:#B5t^r75*ibmWi-'5o » 1 ^O^^xDN Ati. ^ 1<^ 
^n^_^_ (mtf:^ cA^n^-^-) , U rr^e'^-- t'UfSfeBfi^'Jt tTloxPBB 
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IcIEe^n, 2o<7)loxP@e?iJr^lct4> -7-*-<ONeoJt^5^^:'i^';Av^'*:^;^7!)^'i^ 

t/c. ^2oat^x.DNA{i, |^2 0-7'n^~^'- (ia4», Nkx2.5it{5?-'7'n 
10 0 2 3] 

[0 0 2 4] 

[0 0 2 5] 

l^M^J] 

Bfb^V*^!)^ rCurrent Protocols in Molecular Biology, F. Ausubeilbffi^ 
(1994), John Wiley & Sons. Inc. J 1SLXy\Z fCulture of Animal Cells; A Manu 
al of Basic Technique. R. Ereshneyffl. ||2)K(1987), Wiley-LissJ H|B|R<^ 

T{±MO J: d tiBrigid Hoganitfel^, T'^'t' ^K<^#.f^'v- j-T 
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±tt(1995) ICfBflO:^^, TTJ^^ ;wx<^-J|£fi<j^:fl!lOSiLV»UM LTtiiif t-lf 
I) 35?;^v»IS •) X Frank L. Graham^^ Manipulation of adenovirus vectors^ Cha 
pater 11. pl09-pl28. ;E.J. Murraj^, Methods in Molecular Biology, Vol. 

7: Gene Transfer and Expression Protocols (1991). r T J ^ 7s<r>'{mi 
{rov^TJi. Chen, S-H. et al.. Combination gene therapy for liver metast 
ases of colon carcinoma in vivo. Proc. Natl. Acad. Sci. USA. (1995) 92, 

2477-2581. > *>'i) v^(±Mizuguchi et al. Human Gene Ther. , Vol. 9. 2577-258 
3. (1998) tcfB«c<0:^&HmD-C^To7to 
[0 0 2 6] 

Nkx2.5jt'f5^7'n^-^'-{i, Yutzey^i •)'et-lf-SrStt^ci<^Sr'^ffl LfCo 
Yutzeye>{4. Nkx2. 5S^T-05' lM<nY J I^WSx^-^^^ . Nkx2. 5jHST-0'C^ 
®5##6<J^^3^P3Sii ^^tg i: 1"* ^- ^ —^iSUov^Ti^ L v^^tlt «ri3 c: 
■3-CV^;& mU\U Development. Vol.125. 4461-4470 (1998) l^lfS^) o ^^V- 
J: ^ <h ^^■'m^^. i I? 5' _h»itO-3059bp t T-^tr^J^^^ Nkx2. SitfS^O'C-j^^ 

_h»£-959bpST% $)^v>{±i!frlcCtLj; f)Sv^fIit. oi i9 0 5' ± 

siE-9ooobpT* , 't^mmm^ tc+^^rnia c (r>-rm.(r>mni-^^im. $ -»ir 

*c:i:(4t?§*v>^t75fi jtT*^ $ :h-T v» ^ o ONkx2. 5itf5^o^¥^*& 
.*J;I9 5' ±m<^-3059bpO|Si*. v-:^;-jtfSi^<^:felj§®<?>lacZitfST. SV40 s 
mall t-intronfcpolyA signalTi^y^ ;^ 5 KpBlueScript SKlCjf X$*L^cpNkx2.5 
-IA-UcZ7'9:^5 K«:YutzeyftJ: IJ^-^^r^tt/i (#*Bl{i_t|BDevelopment. Vol 
.125. 4461-4470 (1998) H|5«) o pNkx2. 5-IA-UcZ (^jS:t?<^ia«^l±-3059Nk 
x2.51acZ) t4'C>^m#m6<)UUcZ]ltfET-^^^^1-'5Ci:**5tiS$*LTV>^o 
[0 0 2 71 
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'Xv^T', 7^7 :^ ^ K<7>pEGFP-Cl {i^u>7- y iJ 9 u ^'-l=-f-6084-l) i)^ h M 

pl^^ONheltBcllMSt-i tjEGF? (enhanced green fluorescent protein) il 

f) ffi ^ «3 m LfcEGFPmfS^<7)M5^^«-T4 DNA-i? U ^ 7 — eiU i >; 
¥rt^k L7t:o pNkx2.5-IA-LacZ*$IJKS^<^SalIX-«]BfL. T4 DNA;}^ V ^ 7 — fe'I 
-e5N:« ^ ^rt-fb L . i B 7 'f V 3 > |S!f C/c i6Cal f Intest ine Phosphatase 

-t"CSlt'$-ar7 V 3 >5:S$^^TV^ y V :x 5 KpBS-Nkx2. 5-EGFPS:.f^Sl L 

[0 0 2 8] 

— 7^7X5 KpBS-loxP-Neo{i> y^X? KpBS246 (IBGIBCO BRLtt, a^'f 
> tr h n V i y^±. iJ^^ i5'-#-^10348-019) O 3 > if ■:^-■t'^.fii^^lJco loxP 
W.M2^<r)m<^-7)^f-^^-=->^'^'i h(f(7)HindIII-BaiiiHIF^lC, 5' ffiOi OpGK 
NeoitfST- (G418^^JW14it<ST) > bovine growth hormone<J5po 

ly A si^\<Dmx'^m^f^tzmRi-iwx-t^^t\,z^ y^i'mLtzo ^<r>f7 

X 5 KpBS-loxP-Neo«-$IJIS^#ONotI-e^69f LCMSS:^T>'-»fflM tTt O i: . p 
BS-NlQc2. 5-EGFPtrNotIT-^O ») ttl L/::itf£^Bffr e>-3059i "C-ONkx 

2.57'n^-^'-, EGFPitfS^^-s SV40 small t-introni:polyA signal:*^il$S:? tt 
;t:itf5T) T4 DNA'; t'T-RlD^-lir, pNkx2.5-EGFP-loxP-Neo?r{^^L 

tZo pNkx2.5-EGFP-loxP-Neo«i> pBiuescript<7)/^' y ^i^- > 5' IPJJiON 

kx2.5itfST-7"'n^-^- (|E¥ffl$&.*r75-'b-3059t-e) . EGFPilfSi^, SV40 sma 
11 t-introntpolyA signaK loxPBS^iJ, pGK-7°n^— NeoitfST-, bovine 
growth homoneCOpoly A signal. loxP@d?lj36*JRt3}f A^tl/^yv;^ 5 V^^^o 
[0 0 2 91 

COT'^T.^ KpNkx2.5-EGFP-loxP-NeoSr-7>>;^ES^fl&|*ORl^J3&t^j:-V'^' b 
n.1fU'-->3>ft (/N'^f ^7 Ktt<OGene Pulser II-C% 0. 2iM<Ocuvette-ei50mV 
^ 950;«F-^iim) tcJ: Ojt^T^AL-C. i »)^i^JMiROfci6<^iiLfeSiJ<^G4 
185rl50 ^/g/mlOjgJ^-eLIF leukemia inhibitory factor<^)&ifex.g6 : 

IBGIBCO BRL?±> > 1^* h n vx Sp°ni&ESGR0) T^]!)0OESfflJiaffl:^il!lJ3Sn 
X.. l-2iiF5mi^='nzL-;6^+^^g|T-§^^tC;?>T% ^<7)m^Jittt«0ES«^ 
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f^^ ES^8&ffl^Afe<±> Dulbecco* s Modified Eagle' s Medium (high glucose 
^f^, L-glutamine, llOmg/L sodium pyruvate*^^?^ I vi^v^) NaHCOs^ 
125 //M 2-mercaptoethanol (:^* 7 'f tt) . ^piL^mT ^^m. (^>\£Y ny>tt 

) , mm. 20%ll^il^ifli?t y\fhu-:;:x.>n) . ;^ M^yb-r>f ^- 

ffl^*H103 U/mL-t?LIF^JjPx-C^«L, ES^fli<7555-'fbil*<^^J±i<OES«Bll&ffl 
10 0 3 01 

:iith<Di^u-yEsmm.:^-hDNAimmL. yy ^ y^?cRi^i7^\ egfp^ 

iiiH-r^'/^'fv - -C25 Utt^ ^i^t $ iifznkx2. 5it<£T- T'n * - - 1 

EGFP*^tff|it«rliilli-r'5»"7'7-f7-T'16^'n->|iFtt, ^ h\zz.<D'm^<Dy''7 
h-cv>-ftt*>lt14fio;t^>03ja3^'n->-e*o7to ii'^ir < t^^<^ 

10 0 3 11 

±15(013^' a-><^ESilfla«:20<7>^jbfl^^l^<7)-ii:fCo — oo^{4ES««r 
*fflfla#^^«<^]ni-eLIF^^7^JPOES fflfl&ffl^-fife-^M^-frTit^i-* C i: J: >) . 
embryoid hoAYtm^^i>^'nMWtmzmm,Wl^^lll'^P'tZo ^Oembryoid body 

^3Ba {uY^^.\^^fz^immm^i)-hzEm i}-httz^m<omTkm.\.z^Lu.Y 
tmtmYs, mm^^x^m^mx^^-f^t. 7Hg {uF^^.\^^fz^imm 

[0 0 3 21 

^> ^— oo^(4ST2^|ja^:v^^-7«i^:^K®iBli&<^±l3ESfflBa«:<^-|JrTLim?SJ)n • 
[0 0 3 31 
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C<7>2oO^'fk^JC®-iirT7 B f^Ti^ "b 14 B 111* T'<7)# B omiS;^^ e>RNA*tt{ii 
MW^r^e® (aT^'^-^. ha**5;i-v>'. Nkx2.5. MLC2v) ^rt'OH^^) 
10 0 3 4] 

^mB^^/i^'bl4Bmo>L^^^;5^^kL/^m^^34^'b^Aai LfcRNA^-ibEGFP 
SfS^cOmRNA^RT-PCRj^-eiiilig LT ^ , V^-f niCiJV^-C ^> ^-^ORlf E{±^ iX^J: 

CLONkx2.5jtf5?-7'n*-^'-(-3059){ix Yutzeyib^^ Development. Vol.125, 
4461-4470 (l998)T-^^L-rv^-&^>OtTOO^><^-e*»). COyn^- - 

^tz *) ■fe;l'V-:$'-T'^^1-'5>^ci6lC{±*^^Jt<i^>EGFPjif£T-<^l&3SM>i*''^>^-C- 

*)*o 19 cicDitfs^5&^iEL<>a^3i*tL-c> tfzEsmm^^'t'^mi^'^^tLfziz 

iimt>h-fEG¥P<0§t^^^^ h tt^v»<^>(*, C <0Nkx2. 5jtf5T-7'n ^- - tz^jS* 
KtzmK^-^t'tM^mm^^^tOE. ZXiy^ ECFP^rRTm-fk-C § * l^^)V<n^W^ 

ll^Nkx2.5itf5 7'n^-^-;5^ibEGFP^<S^«:l&3i$*'5)-t-es "Blta'fbL. 
S fc -t -'i- V - ^ - T-#gi-r t v> ^ fi, v^-fti BTflgX-*) -p fco 
[0 0 3 5] 
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mmm 1 3 

5* fflSi •)^ OIVT'O-t—^' — (human cytomegalovirus immediate early promo 
ter)<b*''^J±CA'7'n-t— (cytanegarovirus enhancer+chicken /S-actin pr 
omoter) , 'E-<7)T»lLlC2o<;)ioxPiayiJ-effl* n/cNeoiKS^. $ <blC-?-<OTgfE<!0^ 
- ^ - jt<5i=-lcEGFPS<ET-^@£S Lfzm 1 <^ai^x. D N A Sr t-tr ^ v X 5 KpCMV 
-loxP-Neo-EGFP=5: h Oft3pCA-loxP-Neo-EGFP=S:f^^ Lt^tJ*, -e^fp^iS® StJ-J^T 

[0 0 3 6] 

fi-pcDNAST'^^ 5 KC'f >' If h nvx ^tt) ^§IJ|3I^^(0BclI i:BsinI-eML 

•r^ {^>-t~h) opBS246y7^^ K (IBGIBCO BRLtt, ]Si'>brhnvi> 
tfc) S:Sl||1^^0HindIIItBamHIT-^ifLCTCa-r'2> C^^'^-) o Ct^'f > 
-9— h i:^^ ^-Offi^«:T4 DNA'; **--fe*T'JS:iD$-li:v y-v a >-f :& C 1 
. pBS24601oxPi£^J<^PBltlneoitm^55«lf A^^xjty^:^? K(^pBS-loxP-Neo«: 

ntzo 

[0 0 3 7] 

^jcl^. COpBS-loxP-Neo*SlJPlSf5NotI-e^ I? ffi T4 DNA*°'J ;>« 7— b*IT' 
®St, 2o<7)ioxPi£^Jt-e-tLlzHStLfcNeo^fS?-<7)ilf5T-if>i-?rIiliRL/; (-f 
b ) o — X ^ KpIRES-EGFP ( n > -r tt. n ^#-^#606 
4-7) iWrn-mClaltBaaElX'^mL. UCSi'^ii'^i^ v~-^> if'f ^ h). IVS(s 
ynthetic intron)^ IRES (internal ribosome entry site) ^■^v^/^-^^' ^' -gf 

'f >-9— b t'^^ ^'-<7)M^S-T4 DNA'J :ff—ii-C7 4 ^-'y a >-t^Z tizX O 
, aa<)0— Oioy^:^^ KpCMV-loxP-Neo-E(;FP=S:#fCo 
[0 0 3 8] 

^hiZ-fy:^ 5 KpCMV-loxP-Neo-E(S?«:BglIItEcoRI-C<gtaL(Myn^-^' 
T4 DNAsKU ^7— t*IT-»f^«:¥rt5^m. CIP^S?: L^c (^^^^ 
-) o — ^f^^ KpAdexlCawt iJ y^±. 3-Kl:-^6150) ^rPmeltSwalT* 
MLT, CA-/n^-^-gB*^t9iliL, T4 DNA'-K'; ^ 9— t'l-Clff^^r ¥rt* 
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t^itLtz i^^'^-Y) o zay-O-^-V tmm^'^ ^-<^M^iU ^M')if- 
■e'CKB^^^7 ^ y-i^ a io— 0(7>ga<j:f5X< KpCA-loxP-Neo-E 

10 0 3 9] 

y^-X? KpCMV-loxP-Neo-EGFP*-6vMipCA-IoxP-Neo-EGF?=S:S!l'5rHESSBfl& (D 
Sm^) HJ^W^ hn.-KV--v3 >ffiUT«fS^SAL. 150/«g/mL G418i: 103 

u/L LiFr^un LtzEsmmmmm^'ci-2mmm^ir:h 1 i ») . E5mm^ n - 

y^M^MLfzo :ifih(r>^miit^n<r>m'C'mmiztmLfzM'ox-^i>o pCMV-1 
oxP-Neo-EGFP^iSf5^^#A Lfz^ti - y ^70®, pCA-loxP-Neo-EGFP*591®j5^^ 
Lfzo 

[0 0 4 0] 

i^c. 5'fllJ:»), Nkx2.57'n^-:J'-(-3059). n If-^-- tfOCreitfS^^. 
bovine growth hormone poly A signal «rB£gLfcf|2 O^^X-DNA^r-f^^L 
^ $ lb -e O itfS^ «:-^trTT'y'>'<;WX^^'5'-Ad. Nkx2. 5-Cre TtBO J; ■) 

[0 0 4 1] 

i-f T'^X^ KpHMCMVe (Mark Kay^i I KOS^ffl{±H. Mizugu 

chi and M. Kay: Human Gene Ther vol. 10: 2013-201 (1999) ICfefc, ^ ' 

xnyy^y^^tX nm^) «eIi:MunIT-MLTCMV-7'n^-:5'-^Ptv>;tf^CT 
4 DNA'j ?5f— t*-e7^r--> 3 >'^^f ofCo $ "bt'CKT^y^X 5 KSrAflllT'^Bf 

iz-f^T.^ KpBS185 (IHGIBCX) BRLtt, 1* h n v ^ i 0 Xhol tMluI 

•eCreitfET-Sr^ «5 ffi tTT4 DNA-i^U y --^IX'^^^^itLtz^ b 
T4 DNAU ^'-W7^y-'y3 >KBiiSZ^\,>W?^L^ Zfy7.< KpHMAp-Cre 
imzo of «)pHMAp-Cre{4. T'D^- ^' - ^r^ytr-f. ^^<D-fu^-i^-^m 
S^\Z^X-^htztb<0-7)V'f-i^^'-=-yi^'^'( biSr#*>x -?-«OTB£l^CrejSf£T-x b 
ovine growth hormone poly A signal 5 VXtbho 
[0 0 4 2] 

Jt^f^flT-iem L/ipNXK2. 5-IA-LacZ*NotI hXbalT-^O 1} tB LT4 DNA*' V > 9 - 
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•t'-r'¥rf5^mL7tNkx2.5it<5T--7°n^-^-^^5' (l'>-9--h) pHMAp-C 
re€:NotI-e«]ef UT4 DNA** 'J ^ 7 - -t*I-C¥rt5K^fk LCIP U t'c^ ^ ^ - 
. T4 DMA 'J if-^-tr'y ^ Y— v 3 >' v :^ 5 KpHM-Nkx2. S-Cre^rlf/Co 
[0 0 4 3] 

$<btCpHM-Nkx2.5-Cre«rI-CeuI. PI-ScelT-W Lfc-f h . ^riby^'t^T 

T'y^'f KpAdHM4 (Mark KayftJ: "J^-^ : T'^X? K<0# 

^{4H. Mizuguchi and M. Kay: Human Gene Ther vol. 10 : 2013-201 (1999) H 
tm) ^I-Ceul> PI-SceI-e^»ftfc^^^-*, T4 DNAU f-Cv -5^- -> 
3 y-f^^tiZXy) . Ty-W^^y^T.^'P^-'f^^'^ KpAdHM4-Nkx2.5-Cre5r 

pAdHM4-Nkx2. S-Cre^PacIT-^Blf Lffl^ L/c ^) <7)*293lfflmtljtfed^2» A L 
. 10-14Bf^t^aJ3i.L7tTT-V "t? -T ;UXAd.Nkx2.5-CreO^'7-^^[aIl|XL, CtL 
?:293lfflia-Xr'i"f ;i'X<7)itipi^j3^^v\ CsCloM^liSv* ^" <t 
UJ;^ffiiig=^^fofc(::^&o#^ffl{4«^;im5mL7^w?lfflm. Mi^lfim)o 

Ad.Nkx2. 5-Cret± li b SSTt^^ "t? 'f ;i'J^^^' ^ --C% iimiC®^, ilteT-^Af^ 
[0 0 4 41 

■t fc|^^0:^r^-epHMAp-CrelCCA7'n^- - 5:#A LT^ |5l#<^:^&-eTr' 
/>>'f ;vX'^^'^-Ad.CA-Cre=S:fpMLfCo Ad. CA-CreJi V^mTT 7* J ^ ^ )\' 7. 

^wm. \zmt>h -rmun x-m.-^m tccre^^ ^ ^ o 

[0 0 4 51 

(^/i*:) t rCMVyn ^- ^J' - oM^TlCLacZit^ST-^H^i-^ thSMTfy^/^f 
;VX^^'^'-Ad.(aiV-lacZ?rHif^<0:^fe-ef^mLfCo Ad.CMV-LacZ=£:#MOI (multi 
plicity of infection; S^nT^g^'^^f^l'^^^flaic) -C^^^-^i:. x-gal^ 

#L7t (II12#BS) „ -etTRK D3<7)V^-rnoESmt?^>. 1 7^:7 -f - ^^'-^flS 
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18/ 



% . * Lov^-rtL<^4^.#.-e ^ , 30 Moi-e i>^< <Dmmzmii:=f-^mxx- # , lo 

0/5- <b 300 M0IT-100%OES« izmi^^ ^ ^Al" -i> ^ <!: :6^~T- i f^o L L . ^ 0 

t ^ f <^ lb n-ricit>60-80%o^flaicilf5^«A36^-e ^ -&30 MOi-em5&i-/5>^i^^ 

tzv^Ttto^^k^pgT'i jtmi^=^#A-r>2. :itmmxhfzo mr-^imm^\t 

;i) i t Ti^'BH-e h^fztb. rry ^- <Ditm m¥% X'^i>^ 

10 0 4 6] 

m 1 (Om^K. D N A56*M*ii* n^s:pCMV-loxP-Neo-EGFP5{|S^3tSX $ fitzESB 
m.<r>lQ^u-y<Dn%. i-r34<@^:EGFP«:iitg-f ^-/^ W-7--ty hHi-S^y 

5 ^'PCR^^fo/ctc:^), ^(nn-hmimifi^^xh-otzo ttz^mim<r>YS 
mm. n - > Ad. CA-Cre ^m^^'^tzt^^, Ai^u-y Tdm^Mm iiZi&m 
mx+^^§t^^m'^i>ornUit^fifz .(C:o4i?'n->{iv^-ftL^>EGFPor 
y < y ir?CRxmm o f)^V 5 -7 ^'PCR-eEGFPit<5?-<7>}f A^ltlS-tir-rt ^ 
^ it^Ad. CA-Cre^^T-X V - :z > ^J'-'t ^ ;^;6^ i 0 §t^(D^^^^> n - > 
iiilmglJT-^^TtAi). J^:l|5%J±#'bn7tES »i^n->{iit^Ad.CA-CreS^JlJ: 
'&EGFP(^^?l5iJStc J: ») ^ @ a«jO i> n - > ^SSUi-^ ^ Lfzo pCMV-loxP-Ne 
o-EGFP75>'^^* A $ I) 6934 n - > ^ Ad. CA-Crei^^mo (^^fcli^MT- 

EGFP|6m^JfCX^";-->'iJ^Lfv:i:i^. 11^ n- >;5«EGFP^ 
4^'n->v5SEGFPI|f&m'e^)o7to pCMV-loxP-Neo-EGFPj&f^5e* 

— pCA-loxP-Neo-EGF?7&s$S#X $ *L7t59^ n - > OES^/i?:, Ad. CA-Cre 
mmkmGFP^mxM^:^ ^')-->-i^'LfztZ^. 16i^n-> ;6OTP?^^^1- 
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[0 0 4 71 

pCMV-loxP-Neo-EGFP^:pCA-loxP-Neo-EGFP7&^-en-rtL^^^X$^^:r>:ESiill&{± 

n-;K7)Ad.CMV-UcZ<^ig^«r L/cJ^-^, EGFPOBr^U'^;i'0|&;SJ±^: < PplSt 
^£^/<y i^y^yy KtiJ&^J^o * ^cAd.CA-Cre*<S^$-<i:/cmoPCMV-loxP-N 
eo-EGFP t pCA- loxP-Neo-EGFP75^'^ ^ft-Pn^^^X $ tL7t:ES^i!aOEGFPO|&m 
;H±, v^-rtitijyv^T <)pCA-loxP-Neo-EGFP<7):^;^>^?t7!>^oy::o ^tT.J±#-<0» 
1*T-^^$*LT#/^OtlHl^ttc. ESMaiii3V^T^)CMV7'n^-;5'-J: i5CA-/n 

■=6- ^ - o:^75^5^^3^^E~^T' ^ t ^ , ^n-rno -/n ^- -r&i4o^v^ 

tcj:^ ^:.m*?^^'&o Lji-LpCMV-loxP-Neo-EGFP^i^SA^tLfcES WT-^)!!^^ 
fitlt L7t||^lC{ipCMV-loxP-Neo-EGFPT-^:$:@fl«>{3{4Fp1M^:<'*i:%x.'b*L-6o 
i ») ^SSlCjS^T&s J: I) icff -5> i: ^ .^.-C% pCA-loxP-Neo-EGFP^rffl v>Tff 
10 0 4 81 

Hff:^0 J: ^ tc, pCA-IoxP-Neo-EGFP75^'^^SAS^tiCrepmo|&iimnioxP-e*l5 
t n7tNeo3tf5^« tB $ ^-CEGFPcD5i§§3l7i^~'f^fiE ^ tL/jl5 n - ><7)ES MB 
(r>o%. SISO^' n->^fflv^TAd.Nkx2.5-Cre^:ffl(/^/::^'ft;^^<7)^]^=l:fi^o7t 
o Bir^<^Ad.CA-Cretfflv^/c^1i^mT% Ad.CA-CreiS^lBf^i +53't^'5r^a 

-?-tiJ':il^|Bl^'^;K7)EGFP<D#MII3K7!i«#?>tL-S i i:75*5iE$tL7to 
[0 0 4 91 

ibgc^-C-ISEt;^-^7t. embryoid body?r^t^c^'fk^-^^t^C:<7)3i^ n-^OES 
^Ht^T'lsgfflL-C.^^^to C:o^'fb^2»^.-eONkx2.5 mRNAOHm^rRT-PCRT- 

^aP^Ttri:-^, ^g-'fk^SSBS J: >)Nkx2.5<0|&m^*^'b3iHi*.P>tt^o 
7tii)^'ffc^*?^4 B @tC:8''fbFf OES«t;Ad.Nkx2.5-Cre*30 MOIT-i^^^-frTt 
„ o t IJ , 1 B tiLIFM»D<^ESiBiafflitttl t?^« L^gf^'btMfembryoid bod 
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y<7)i^m'tnif). ^immmt^mE g t;:^«MJ-^^$-frs 4H g lZAd.Nkx2.5-C 

re^3o mi-^f^m^'^tzo ^im^^t^m^B sa*) ^^mwmTx-m^ j-ecfp 

Ba^^^tyiio C<07n— y-zf h 'J ^<^M*fT-J4> Ad.Nkx2.5-Cre«rS^$ 

iii,znL. bn-;ui: L-CAd.Nkx2.5-Cre<75'ft*5») i;Ad.CA-Cre^r!®^$ 

fc LrAd.Nkx2.5-CreOftt) »9 iZM-W-hacZ^m^^-^tzm. h^^^itTTJ ^ 
^'-=&^<^*$-^^5&^o7tS^-e<^lltt^f4 (BiJ*,^tL(4pCA-loxP-N 

$ tL-CV»3Sj</>tfc^.-eOEGEP|&3^<7)7ltL< y > K) {±0-0. 2«T-abo ( 

US a. 114 a#fiS) „ -t-'5r:b^i<^^i^^-e{±, ^^#ic^^ic|t>60%omi^ 
IE L < g fi5<7)itfSW^X i5 ») . ttz^^yi^Vy^y K:6«^ < . IE L < B 
6t)<ONkx2. 5^^^fflia^TOfb t , ^ h \,zmiLX ^^t\^^^ZtX. ^^^T-'^mtd 

■otzznh (D^miMik L fz^m iz-r c^ttzmrnhxh^ - 1 ^^^i)- o tzo 

[0 0 5 01 

^v^T\ M^m^flfzmm^t■r<^^^z■^mm.\zm^^x^mL. ^a, ^;?>v>{±^b 
f5^oi&^{±, ^Bi-hm.Bmi>. ±u^<Dmmzid\>-xmitm^mxii.-o^^ 
m^*ifzmm*mi^ii^MHmxBi^<Dmmx:k^ ztm^^-otzo ^izmm.o^ 

t&^ M^<^M^<^tztt>. CL(Dmfk-^^hmikilPSimLKt-?CS.mzX^. Nkx2.55t<5 
t-rNkx2.5jtfe-T-, aMHC. MEF2c GL.^^^RF#fi1)e¥H^^) . GATA4 OC^^ICM 
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. '£.^^SJ^^^<0'r-:^7-<;>sFrf^KMT^'^>' (smooth muscle act in: SMA) s 
# 5 :i- V > (tropomyosin) <7)|&m ^) * <b ti/c (El 4 b #M) o ESffllia^^ ibNkx2. 5 

[0 0 5 1] . 

i^mM 2 ) 

7|s:|&l§i::fflv^;5,^2 0-/n^-^-{±. Nkx2.5itfK^7'n*- ^ - WKe>ti:5 
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y{ 9 -Ad. «MHC-Cre. oi >) d^tJi aMHC75?|&ai-S'£.^®5iifl&tC#^W 

[0 0 5 21 

Ad. aMHC-Cre(iJiJLT<7)J;^HLt:f^iSL/co t rv^v"f^-g^:fe^ (Univ 
ersity of Cincinnati, College of Medicine) ^Jeffrey Robbinsfti 

. Biol. Chem. Vol. 266. p9180-9185 (1991) ms^) iJ^h. BamHI tSallT* aMH 
CitfS^-/n^-:J'-^^trl^5.5kb<7)DNA^^0mL. T4 DNA^^*'; ^ v--t-I 
•C*^«r¥Tt'ft fSm Lfco C: tLfiRobbinsft 'b7&*±iB:ft:i^T-#§ LT 

HC03' W$L^£hXf^tW^B^^- KL^rV^lll3!]<^=-oOJ^^' V > ^r^trDN A^C 
0 ^ ^<DW^i)^'iM.^mtfy ^rUm* ^>^^ib-ryD^-^'-i:t-Cffi&<c:4:*siiI 
^:J:T-^$tLTv>Jg,o — T^HifetajlW^LTt^^' ^-OpHMAp-Cre«rNotI®^^ 
T-^BfL. T4 DNA*-'; ^7— t-IT-*^*^rt^kL, CIP^*t?*^m'J >lJ<ti!!!! 
a L Tffl^ L 7t o tt ^ Hfr^<0 a MHCafg?--/n ^ - ^ - ^ - OS. 5kb<0DNA©fH-. 
ti:^>lC. T4 DNA'J /y--lf^^T';RiL-$-^7 'f 'J^-va >KS*=fTVK aMHCjt 
fg^y p ^_ ^ - OT»lLHCreitfe^-75^l^75^'tL/t -/^ X 5 y KpHM- « MHC-Cre=S:f^ 
^L/co ClOpHM-aMHC-CretTr'y '>'f-'l'X^^'^'-yvX5 KpAdHM4Sr« 
^ail-efBIKLfvridi;. flJK^^OI-CeuI. Pl-Sceltr^Sf L;^cm. M^^x? K 
S:T4 DNAU 7!f--lf-e9 'f ^--> a V-f^Cl t iCi •) . pAdHM4- aMHC-Cre^^^§;to 
pAdHM4- « MHC-Cre«:Pacir-^Bf LfflSi Lfc O 'l:293iffl|jat::iHST-i!IA L. 10-14 

fzkd. a MHC-Cre{i . mm Af^i* . a MHCitfSi^ ^ n ^ - - <^ 
$IJ^ T t^Cre^'fS^ «r f&31-r ^> O ^) o 
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[0 0 5 3] 

^i&^fll-efp^ t/cpCA-loxP-Neo-EGFP;i>^^3cSX$n7tES«afl&^' a - yW<Ofp 
mCiSmmi^^->Wim^^X. Ad.Nkx2.5-Cre<^'ft*>»)tCAd. «MHC-Cre«:fflv^ 

^fifzs ^mm * -fe ;u V - ^ - x^mir ^^t^zLfzo ^ nii»immm-^^^<r> 

. amC(D§tW±mBE:^^(^l4BSiZ:i^ifXmMi^^hHtzfzif>X^^o ES*fflfl& 

or-^ <5> fzi6^^. L fZ'i.-mmmX'^mi)^i^ <^ebiM>t\^^^ ^^\Hx<Dmm t - 

^-ti>i><Dxh^. t fz'L''mm'Dmm iw^-tEsmm<D n n ^ - ^ ^itmmkd-u 

Ad. aMHC-Cre<7>^^<^Bf^m^O;5:T-(±. ^M^^l fc^<.|51 1 i ^ l^^i^^r^f o 
10 0 5 41 

Ad. «MHC-Cre^^f^l B S (^^fbif^f^GB g) J: . -Si5<7)Mmi^EGFP(7)i|JJ 

^-XEGFPm^J^i^MLfz (|lI3d#.H3) „ M^m^ tifzmmHi t A, i^EGF? 
im^LX^^fzo ^h\z:itih<r>mm<DS^m:mmir^fzi6iz, KT-?CRt^fkm 

mmizs^m^j:mmmMi>mmx'^fzo -?-LT^i:v>o-c^>, ^mm.iz:^m^^x 
mmLx^Bi>-hmBm. mm.<r>^L^mm.<Di&mmm^iif^^tii. 
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<£^<7)7'n^-^'-^fflv^-c, ^iS«ail-C'ifcil26«l*m^«"fk^P&<^^C-®5aB^Sr. 

[0 0 5 51 

C^M^J 3 3 

mmMlXltm l oamx. D N AtJ^^^^j^ At? ^ T^^ESHBS^i:' n - > ^rSl^j icll 

z<Dfzi6t-r. mi <r>m3^?i d n a t:m^=f-mxx ^^rry^^ ji^t.^^ 

-i:iikT<DXnizi^m:Ltzo 
[0 0 5 6] 

t -rmMmiXi^m L fcpCA-loxP-Neo-EGFP> pCMV-loxP-Neo-EGFP7j» e>SalI^# 
Mail i . 5' ii i 0 CAyn^- ir-^ i; 3 > if t-l[||fe@^^lJ<^loxPS^^JT- 
•fyX^ K (Mark Kayf^ct O'K-^ : X 5 K<0|f|ffl{±H. Mizuguchi and M. Ka 
y: Human Gene Ther vol. 10: 2013-201 (1999) {rfBlfe) {±, n > 

3 :^-t-SC:i:tcJ: »), gfl«?o^ l<^amx.DNA;6f}fX^tt^cv+ hJi^^^ 
^-7^7X5 y KpHM-CA-loxP-Neo-EGFP, pHM-pCMV-loxP-Neo-EGFPSrfffCo $ "b 
tc. C:<7)pHM-CA-loxP-Neo-EGFP, pHM-pCMV-loxP-Neo-EGFP:*>P>I-CeuK Pl-Scel 

^^T-ge<)<^3if5i^sp^^^«)ffiL. mmmix'i,m-<fzx'ji,z^ i-ceui. pi-sc 

eI^^^!QjS$tL/cT7*yt"f-'l'X^^'^'-7'v;^5 K<7)pAclHM4i: t ilC, T4 DM 
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f7 4 }\^7s^i^ ^--fyT.^ KpAdHM4-CA-loxP-Neo-EGFP. pAdHM4-paJV-loxP-Neo- 
[0 0 5 71 

HM4-CA-loxP-Neo-EGFP. pAdHM4-pCMV-loxP-Neo-EGFPS:PacI^^M.am{3293^fla 

. g 6<) <0 ^ 1 (Dm^ xDNA^^tfTT'y'!7-f;l'X^^'^' -Ad. CA- loxP-Neo-EGF 
P, Ad.CMV-loxP-Neo-EGFP*t#7to mMMlX li^^tz X n kZ^ B fitJl^ 

{±, CA^n^-^-T'^>CMV7'n^-^'--e^{):$:KetJ'5r^{±^rv^;5^ J:i)l§m75^' 
S^v^ti/^-? ^t-eJiilTi^ti. Ad.CA-loxP-Neo-EGFP^fflv^7^c^]^fS:l:5:^i-o 
L. Ad. CMV-loxP-Neo-EGFP-C ^) |W|^tO^^?:=if v\ m^<Dm^-i)m hP-^^t\i. 

[0 0 5 81 

^<itfS^3&«^X$*L-C</>^:v.^ES«BJia(D3)«-fflv^, mMMlt^m'. LIF«:|5^ 
v^fc^fifeT-enibryoid bodyS:f^fi!ti--S ^ i:r^5-fb^#t=ff o^Co *-fNkx2.5=Srtt 
mhLtz^ ^smm.^^<r>3:.^=^^\t^'L^mwm<OMm\z\t. 4HBirAd.Nkx2.5-C 
rehAd.CA-loxP-Neo-EGFP02o<^T'r'y ^-^-tft^fiSO HOIX^. 

m^-^. eBSK-tjvv-i'-xE ^<DEG¥P^^mMi^m Ltzo ot^ 

■ [0 0 5 91 

i:|l|^i;^ffc^^*9BBl-x Ad. aMHC-Crei:Ad.CA-loxP-Neo-EGFP(^2oor r' 
y tt-rttSO MOItriS^^-*^ ^13B B V- --CB 

fl<»<7)EGFP%m^!i&«:^^L/Co CO^i^^m^). Hi^ 2 i: |Hl^<OfflJia7i*^gt ? 

LfZo 
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26/ 



Z<D2'0<Dmm^^X *)\ ^1 <7)&mx.DNA^^2oa^x.DNA^>T-rV 
[0 0 6 0] 

2 T-^ Lfw i o jr, t^^oJi^r-^ l oa^x. D N a 

1 1 -i) t:^ T :^ W fit) 'fc II fi ^ , ^ tL-ett o^ij {i i filj J; o T-f^ v> 
(1) ^1, ^2(^a^x.DNA7i)5'$^*A$ti'll'tl&^-r^^n->=^^^ 

1!gffl-ii:rtJe5|50^#rfilfCjtfS^^#AL-C, ^ 1 fc^ 2 oam^-DNAcoM:^* 
^episomal (^fe#:ica<^iii tt^ C i: < (D^X'^^LX^Mm 
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mm. 2 0 0 2- 1 7 5 2 3 1 ^- v : 27/ 

ClttlC^LTf >"t'^>'V';^'^^'^'--eit'f5T-*SXLfv:^'^, episomal-C^ 

^^i,. z<Dm^^mmLfz'i><Dimmzmmx-^ho 

[0 0 6 11 

tiS^LtzXd i;. ^ife^J-ei^fflL/cNkx2.5jl1Si^7'n^-^'-5.J>*aMHCit^ 
li&*^SI-e§^C:i:{i^e>;)^i:^:o/i75^ ^ibt' (5) om.^>'b. ^ifefRl3(7) 
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^-v: 28/ 



[0 0 6 21 

ik^^<7)^Wi. KhalidMA et al. Circ. Res. 72, p725-736 (1993). 
HWang L et al. Circ. Res. 79. p79-85 (1996) iZfS,^^ixt:1jmzm^mi^ 
'^oX^^tZo ^<m-n\Zl^mLX2BE<r)'bm^W.\>z. Ad.Nkx2.5-Crei:Ad.CA- 

ioxP-Neo-E(2!?«: -e tt-rttsMoifiS^ $ -*T . m^i2n^mzikim^mT-^Wi 
^L7ti:c^, ^m^-hmx^ixtz't^mmm^w^^tLx^m,^fitzo to 

OT'n h =7-;i/r% Ad. «MHC-CretAd.CA-loxP-Neo-EGFP«-|^ i: J: 9 

T^). m=^=}-mx'^^tz'L^mmmtm¥?m^tLx'ai%^iii-zo ^ti.ib<o-oo 
it'ik^mw^x^hMt-^'Dtzo ^<r>i,n^zmmmi. 2, zx-m^^tzmKoj^ 

mx. D N A ^ 2 .oamx. D N A {±, itfSi^^X $ i: 75HC.£.xi5«Bia<^* 
[0 0 6 3] 

. Siitc, iSim, jiSUL, W-r-2>Ci:;6^^-e§-So 

in 1 1 ^^m(om]mmm-h^itLtz^mmm.<r>mm^mt>5m-^m^m 
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^-i^: 29/ 



[0 2 ] rry ^ jV'^^i^ i^-^zx:hmmf■mx%m^7Fi■m^mmm^M■ 
(b) y^-v-mmmLX'mmLfc-r''y7.^mm. mmm) <nmitm^mw^ 

(c) ^imm^(r>-^'^:^^mm mmm.) (^mitmum^Mifk. 

(d) #MOIT-Tf'/'>'l';i'X^^'^-m:-SES« (Rl«) (OMi^^^X 

(e) #M0IT-TT-V'>'1';l'X^i' ^-ICJ;<2,ES» (DSIfflfla) <0itf5T-#A 
^:iJ. (a) ~ (c) (i. MOI100T-Ad.CMV-UcZ€:iS^$-ii-. x-gam-feL/i 

(a) bn-;Wt LT, Ad.CMV-LacZ«:^^$-fr/c ^<0T', EGFPOH 

(b) h n-;i.i: LT, Ad.CA-LacZ^S^^-frTt *)Or% mn^mx 

(c) Ad.Nkx2.5-Cre^mBlC^^$-li-, ^6B {C||^L/c iOT\ g6lF» 

(d) Ad. «MHC-CreS:f|13Bt;®^L7t*>0-C% g W*fflflai:.S*>tL-5fm36^Bl 
[041 Ad.CMV-LacZ. Ad.Nkx2.5-Cre5.t>'Ad. am:-CT&<r>mm.^^W.\zMm^ 

(a) 7n— y-^f h ^ b ';-o|g:l*^-r^^- ho 

( b ) Nkx2. 5S:ji^ tc#st n;t^mo^igffliia^fe<om*M®^^*ft-e* 
ho ^wmzii. (M) (4^111) ^^'ae^ioMecoi&^^^L-ciiO. 
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i^m^] mm 
mi] 
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^-v: 1/E 



mm 

i^x. D N A t . mm^mm^^^it-r^ § mmm^MLxm^m K^mi-^m 2 
m^mi mi 
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